Nowadays, some studies reported promising results of platelet-rich plasma (PRP) for the treatment of osteoarthritis (OA). However, the effects of PRP on prevention of osteoarthritis in knee joints have been debated. The present study investigated the effects of PRP on osteoarthritisrelated inflammatory cytokines expressed in fibroblast-like synoviocytes (FLS) from osteoarthritic knees. The synovial tissues were harvested from eight osteoarthritic patients who had undertaken total knee arthroplasties (TKAs) and cultured in DMEM containing 10% FBS. Platelet-rich plasma releasate (PRPr) was made by clotting or activation of PRP by citrate. The levels of PDGF-AA and VEGF in PRPr and whole blood were measured with ELISA method. The FLS were isolated and cultured from osteoarthritic knees. The IL-1β stimulated FLS were cultivated with three different conditions (none, 1% and 10% of PRP). To determine the expression of IL-6, MMP-3, and MCP-1, we used reverse transcriptase polymerase chain reaction (RT-PCR). The concentrations of platelet count in PRP were about 7 to 9 times higher than those of whole blood. The levels of PDGF-AA in PRPr were approximately 3 to 4 times higher than those of whole blood. The levels of VEGF in PRPr were also significantly 7 to 18 times higher than those of whole blood. Without induction of the FLS with IL-1β, 1% or 10% PRPr did not reduce expressions of inflammatory proteins (MMP-3, MCP-1), except for IL-6. However, with induction of the FLS with IL-1β, both concentrations (1% and 10%) of PRPr reduced significantly all inflammatory protein expressions (IL-6, MMP-3, MCP-1). PRPr diminished inflammatory IL-1β-mediated effects on human osteoarthritic fibroblast-like synoviocytes. These results suggest that platelet-rich plasma can be a good therapeutic option for the treatment of osteoarthritis.
Introduction
Platelet-rich plasma (PRP) is a simple, low-cost, minimally invasive and widely used treatment that provides a natural concentrate of autologous growth factors (GFs) from the blood. A platelet contains the majority of biologically active molecules required for blood coagulation, such as adhesive proteins, coagulation factors, and protease inhibitors. In addition to the factors that coagulate blood, recent studies have found that activated platelets release many kinds of growth factors, such as platelet-derived growth factor (PDGF), transforming growth factor-beta (TGF-β1), epidermal growth factor (EGF), and vascular endothelial growth factor (VEGF), which are thought to play a key role in the healing process of many tissues [1] - [3] .
These growth factors are known to induce biological changes in cell proliferation and matrix metabolism in a variety of connective tissues, and this fascinating regenerative capacity has led to promising findings but also to some controversies in the scientific community [4] - [6] .
PRP has been used as an autologous source of the growth factors to induce regeneration of tissues [7] - [10] such as articular chondrocytes [11] , intervertebral disc cells [12] as well as bone regeneration in periodontal and maxillofacial surgery [13] .
Despite its widespread application in an orthopaedic field, there is a lack of high level studies demonstrating the real efficacy of PRP on inflammatory cytokines such as interleukin-6 (IL-6), matrix metalloproteinase-3 (MMP-3), and monocyte chemotactic protein-1 (MCP-1), all of which are known as potent inflammatory factors in osteoarthritic knees known to bring about the production of destructive proteases with inhibition of production of extracellular matrix formation. We believe that it is important to have in vitro studies to clearly prove the real potential of this biological approach in order to guide its clinical use and to avoid an indiscriminate clinical application. We hypothesize that PRPr significantly reduces inflammatory cytokines such as IL-6, MMP-3 and MCP-1 from human osteoarthritic fibroblast-like synoviocytes (FLS), especially when FLS stimulated with IL-1β.
Methods

Patients
This study was approved by the institutional review board of Chonnam National University Hospital, and informed consent was obtained from all patients (CNUHHIRB 2011-32). We recruited eight patients who were undergoing total knee arthroplasty for osteoarthritis of the knee. Patients had a mean age of 64 years (range, 49 -82). The mean BMI was 27.5 kg/m 2 (range, 24.3 -30.8). Patients with primary knee OA were included to this study. The exclusion criteria included secondary OA or rheumatoid arthritis (RA). In addition, smokers and the individuals with systemic disease or history of anticoagulant, immunosuppressive, or antibiotic therapy in the last 6 months or the patients who had diabetes mellitus or severe obesity were excluded. The fibroblast-like synoviocyte (FLS) were obtained from intraoperative specimens. IL-1β stimulated or IL-1β unstimulated FLS were incubated under three different conditions (none, 1% and 10% of PRP). After 24 hours, in the six different wells, the level of IL-6, MMP-3 and MCP-1 were measured by reverse transcription polymerase chain reaction (RT-PCR, PrimeScript™, Takara, Japan).
PRPr Preparation
Thrombo kit ® (Korea Melsmon, S. Korea) was used to separate the PRP from blood samples. 20 mL of venous blood samples were obtained from each individual, and 10 mL of every sample was drawn into a vacu-container containing 1 mL of 0.106 M sodium citrate under sterile conditions and centrifuged at 3200 rpm for 10 minutes at 22˚C. We mixed the anticoagulant with the sampled blood and agitated them. The upper plasma fraction and the buffy coat layer were separated, and 22.8 mM CaCl 2 1:10 (v/v) was added to the separated fraction at 37˚C for 1 hr to activate platelets to release growth factors, and to yield the PRP releasate. This was centrifuged at 3200 rpm for 10 minutes, and 3 mL of supernatant was collected. This platelet-rich plasma releasate was subsequently stored in aliquots of 1.5 mL at −80˚C for further experiments. The experiments were begun just after the synovium were harvested. The level of PDGF-AA and VEGF of PRP releasate was measured using ELISA method and compared them with those of whole blood. Platelets in PRPr were counted by using electronic impedance (XE-2100™ Automated Hematology System, Sysmex, USA) and compared them with those of whole blood.
Cell Stimulation and Treatment
For all of the experiments, synoviocytes were plated in 6-well culture plates and serum starved for 24 hours in DMEM containing 1% FBS to synchronize cells in a non-activating and nonproliferating phase. Synoviocytes were then cultured in DMEM containing 10% FBS and either 1) maintained as unstimulated and untreated controls, 2) stimulated with 1% PRPr without 10 ng/mL of IL-1β, 3) treated with 10% PRPr without 10 ng/mL of IL-1β, 4) maintained with 10 ng/mL of IL-1β without any PRPr, 5) stimulated with 1% PRPr and 10 ng/mL of IL-1β or 6) treated with 10% PRPr and 10 ng/mL of IL-1β for 24 hours. The optimal concentrations of 10 ng/mL of IL-1β, 1% and 10% PRPr in this study were determined according to the results of our preliminary doseresponse study.
Quantification for the Inflammatory Factors Using RT-PCR Analysis
Synoviocytes were lysed after treatment with various combinations listed in the previous section, and total RNA was extracted with Trizol agent (Life Technologies, Rockville, MD, USA) according to the manufacturer's protocol. Total RNA (1000 ng) was used for reverse transcription and subsequent real-time quantitative polymerase chain reaction (PCR) with gene-specific primers. DNase digestion was carried out using DNA-free (Ambion Inc., Austin, TX, USA) following the manufacturer's guidelines. One microgram of total RNA was converted to cDNA using the Superscript II reverse transcriptase (Invitrogen, Carlsbad, CA, USA). For each reaction, 4 mL 5× first-strand buffer (50 mM Trise HCl, pH 8.3, 375 mM KCl, 15 mM MgCl 2 ), 2 mL of 0.1 M dTT, 5 U RNAsin, 500 mM dNTP mix, 200 pmol Oligo-dT, 25 U Superscript II reverse transcriptase and sterile water were added to the RNA to a volume of 20 μL. This reaction was then incubated at 42˚C for 1 hour. The finished cDNA products were stored in aliquots at 80˚C until needed. Relative expression levels of IL-6, MMP-3, and MCP-1 were calculated as a ratio to the average value of the house-keeping gene, glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The sequences of primers have been previously described [14] ( Table 1) . The reverse transcription-polymerase chain reaction (RT-PCR) products were separated by electrophoresis on agarose gels and stained with ethidium bromide.
Statistical Analysis
The values were reported as mean and standard deviation (SD). Levels IL-6, MMP-3 and MCP-1 were compared using one-way analysis of variance. Results were considered statistically significant for p-value < 0.05. Statistical analysis was carried out by using the IBM-Statistical Package for the Social Sciences (SPSS) software version 21.0 (SPSS Inc. Chicago, USA).
Results
Baseline Platelet Concentration and Growth Factor Analyses
Whole blood samples were counted for platelets, white blood cells, and red blood cells from all eight donors. PRP contained 8.51 ± 0.99 times more platelets than whole blood. In PRPr, which is activated PRP with CaCl 2 , the growth factors, VEGF and PDGF-AA, were abundantly present in samples from all eight donors. PRPr had 8.42 ± 1.93 times more VEGF and 2.96 ± 0.36 times more PDGF-AA compared to whole blood ( Table 2) .
Effect of PRPr without Stimulation of IL-1β on Inflammatory Cytokines
Without stimulation of IL-1β, IL-6 was diminished by 6.2% (48.48 ± 2.40) in the 1% PRPr-added medium and by 6.8% (48.18 ± 2.95) on the 10% PRPr-added medium compared with the control group (51.69 ± 3.32) with , which showed no significant difference among the three groups. In summary, without induction of the FLS with IL-1β, 1% or 10% PRP releasate did not show reduced expressions of inflammatory cytokines such as MMP-3 and MCP-1, except for IL-6 (Figure 1 ).
Effect of PRPr with Stimulation of IL-1β on Inflammatory Cytokines
With stimulation of IL-1β, which activates Nuclear factor kappa B 31 to evoke pathologic OA processes, IL-6 was diminished by 8.2% (49.74 ± 1.74) in the 1% PRPr-added medium and by 8.9% (49.37 ± 1.95) on the 10% PRPr-supplemented medium compared with control group (54.16 ± 1.74) with statistical significance (p-value: 0.03, 0.02 respectively). In terms of MMP-3, with treatment of IL-1β, it was decreased by 8.6% (25.60 ± 0.75) on the 1% PRPr-added medium and 9.6% (25.33 ± 2.80) on the 10% PRPr-treated medium compared with the control group (28.02 ± 2.28) with statistical significance (p-value: 0.03, 0.02 respectively). For MCP-1, under treatment of IL-1β, it was diminished by 6.8% (56.70 ± 2.34) on the 1% PRPr-supplemented medium and 8.9% (55.44 ± 3.98) on the 10% PRPr-treated medium compared with control group (60.84 ± 4.89). We could find significant decreases of cytokines with PRPr (p-value: 0.03, 0.03 respectively). With induction of the FLS with IL-1β, both concentrations (1% and 10%) of PRP releasate significantly reduced all inflammatory cytokine expressions (IL-6, MMP-1 and MMP-3) (Figure 2 ).
Discussion
Due to its wide clinical application in the orthopaedic field, a number of reports on PRP have documented clinical results in the treatment of knee degenerative lesions [15] - [25] . In spite of the widespread clinical use of PRP in the treatment of osteoarthritis of knees, there is a wide-ranging debate on clinical efficacy [15] - [25] . In this study, we have evaluated anti-inflammatory effects of PRP with or without IL-1β and have found that, without induction of the FLS with IL-1β, PRPr did not significantly reduce MMP-1 or MMP-3 but did reduce IL-6. However, with induction of the FLS with IL-1β, both concentrations (1% and 10%) of PRPr reduced significantly all inflammatory cytokine expressions (IL-6, MMP-3, MCP-1). It is well known that inflammatory cytokines, such as IL-6, MMP-3 and MCP-1, play an important role in progression of osteoarthritis [15] - [18] . These cytokines have functions in the initiation of inflammatory reaction and in the alteration of extracellular matrix cartilage turnover, which induces pain and promotes joint destruction [25] [26] . There is no doubt that downregulation those cytokines takes a role in pain relief in osteoarthritic knees [15] [18]- [20] .
Many recent studies have reported on the effect of hyaluronic acid on inflammatory cytokines [27] - [29] . However, studies of PRP effects as inflammatory mediators are lacking. Furthermore, there has not been a study comparing anti-inflammatory effect of PRP on synovium in OA knees. In 2012, Stacie et al. [30] published a study of current concepts of PRP: "a Milieu of Bioactive Factors" in which they suggested that "Although the effects of many of the proteins in PRP on musculoskeletal tissues are still unknown, they likely contribute to the biologic healing process". In the same year, Gerben et al. [31] published a controlled laboratory study on inhibitory PRPr on the inflammatory processes in OA chondrocytes. In their study, PRPr was found to diminish IL-1β-induced inhibition of COL2A1 and ACAN gene expression, and IL-1β-induced increases in ADAMts4 and PTGS2 gene expressions, which implied that PRPr have a favorable effect on chondrocyte behaviors.
Conclusion
PRPr significantly reduced inflammatory cytokines (IL-6, MMP-3, MCP-1) in the presence of IL-1β. Although further studies are needed for the application of PRP in clinical settings, these results suggest that platelet-rich plasma can be a great helpful option for the treatment of osteoarthritis.
